We detected a total of 296 families that span 19 eukaryotic phyla. All families were 1 0 1 independently geographically verified as known to occur in Switzerland or the four neighboring 1 0 2 countries ( Fig. 3a , Supplemental Table 1 ). The majority of the families detected were 1 0 3 Arthropoda (N=196). Diversity in number of families detected was not proportional to read 1 0 4 count and smaller organisms represented a much higher proportion of the sequences obtained 1 0 5 (e.g., Rotifera; Fig. 3b ). For example, two species in the phylum Rotifera accounted for 39 % 1 0 6 (92,907 sequences) of our data set. The majority of families were represented by more than ten 1 0 7 sequences (N=140, Supplemental Table 1 ). The largest data reduction step in the bioinformatic 1 0 8 workflow was in linking a taxonomic name with our sequences (Supplemental Fig. 1 , step E), 1 0 9 resulting in only 4 % (240,340 sequences) of acquired sequences that could be used for 1 1 0 inferences in our study (Table 2 ). Of the sequences that were identified to species and that were 1 1 1 independently geographically verified as occurring in Switzerland, many are terrestrial (N= 255, Of the 296 families detected with eDNA for eukaryotes, 65 are used in the Swiss biomonitoring 1 1 5 program 28 . Thirteen additional families were detected by kicknet samples only, totaling 78 1 1 6 macroinvertebrate families detected among our sampling sites of the river Glatt (Supplemental 2). With the classical kicknet method we sampled 17 to 24 families at each site (Supplemental 1 1 9 Fig. 2 ). Of the total 78 families detected, 33 were detected by both methods, and often at the Additionally, transport of eDNA allows for richness estimates with less sampling effort because 1 7 0 of the integrated signal over space. Second, eDNA will likely sample a higher diversity 1 7 1 compared with classical sampling methods at any given site, but this depends on the local 1 7 2 distribution of species and factors affecting transport and degradation of eDNA. Third, the 1 7 3 interpretation of the species presence inferred from an eDNA sample in a river is different from 1 7 4 that of classical sampling methods. Namely, eDNA detection of species should be interpreted as 1 7 5 an integrated signal of presence and the spatial scale is determined based on the potential 1 7 6 transport distance for a system. Thus, our model suggests that eDNA in rivers is an efficient tool 1 7 7 for broad scale biodiversity assessments, and depending on the distance between water samples, 1 7 8 less authoritative for very localized richness estimates. Our data substantiate our conceptual predictions (Box 1), and by comparing eDNA with kicknet information that is localized, whereas the eDNA metabarcoding method in rivers measures 1 9 0 presence of species on broader spatial scales. Scaling up of the classical community sampling 1 9 1 method will likely always underestimate diversity 21 , eDNA offers an empirical method to 1 9 2 overcome this limitation and is an unparalleled way to estimate richness for larger areas. This 1 9 3 novel finding is of great importance because in many cases estimating diversity for a large area is 1 9 4
the goal, such as that for biodiversity hotspots 19 , conservation preserves 20 , or entire river Much of the current degradation of river habitat is at the catchment scale and cannot be attributed macroinvertebrates across many sites to understand ecosystem health of rivers (Table 1) 27 . An for the magnitude of change expected for restoration sites already in recovery.
1 0
Our results also identify a way of empirically measuring transport of community eDNA in rivers.
1 1
Our analysis of β -diversity in this study system shows that community eDNA is likely 2 1 2 transported and detected over a scale greater than 12 km. To determine the scale of transport for 2 1 3 community eDNA in a river system, one subsequently needs to detect the scale at which there is a 2 1 4 positive spatial autocorrelation between eDNA and β -diversity. This empirical measure of is a function of the transport distance, but also a function of the distribution of species within the 2 1 7
network. Transport itself is furthermore affected by local factors, such as degradation of eDNA 2 1 8 due to UV, pH and temperature 32 , as well as discharge rates 29 . Therefore, eDNA may not be 2 1 9 necessarily transported and detected over the same distance for all river systems or consistently in 2 2 0 time due to extreme events like heavy rainfall or drought. By using the correlation between β -2 2 1 diversity and river distance between sampling points, however, an in situ test can be performed 2 2 2 and the scale of transport for community eDNA uncovered for any system and can be repeated
across time to test if eDNA transport distance is stable in a system.
4
There are many important current limitations of the eDNA metabarcoding method. These underrepresented to what we know occurs in the studied system. This is most likely due to the 2 2 9
choice of primers, the genetic marker and the reference database. The primers used in this study 2 3 0 are the universal Folmer primers for the 5' end of COI 35 , and it is known that these primers do 2 3 1 not amplify DNA from fish and flatworms very well 36,37; respectively . Additionally, for diatoms it is 2 3 2 known that COI is not the best genetic marker suitable for species level identification 38 .
3 3
Therefore, it is clear that more than one marker and/or primer set is needed to adequately assess 2 3 4 biodiversity for the tree of life 39 . However, use of an eDNA metabarcode method does not 2 3 5 require additional sampling in the field. Rather it creates a single field sampling method whereby 2 3 6 careful amplification of many genetic markers in the laboratory will enable an integrated 2 3 7 detection for total biodiversity from a single sample. An additional challenge faced by the further application of this approach is the need for continued using more stringent criteria would increase type II error by creating many more false absences 2 4 8
for taxa we actually collected in our kicknet samples at the time of sampling and thus know for 2 4 9
sure they were present. Therefore, at this stage in deployment of an eDNA metabarcoding 2 5 0 approach, we need to strive to reduce false absences balanced by knowing that false positive the Rhine River in Switzerland (Fig. 2) . The study sites were chosen because they represent flow into the mainstem of the river Glatt. They also have a known history of monitoring eDNA samples from our study sites and products from the three replicates were pooled. Negative filtration, extraction and PCR controls were used to monitor any contamination during 3 0 2 the molecular workflow and were also replicated three times. Reactions were then cleaned using double stranded DNA between 0.005-0.5 pg/µL (Agilent Technologies, Santa Clara, CA, USA).
0 9
At this step negative controls showed no quantifiable DNA and we therefore did not process
The eight reactions were then each diluted with molecular grade water (Sigma-Aldrich, Co. LLC. Briefly, this protocol uses a process called tagmentation whereby the amplicon is cleaved 3 1 7
preferentially from the 5' and 3' ends and the index and adaptor are ligated onto the amplicon. The tagmentation process produces an amplicon pool for each site (i.e., library) with randomly multiplexing of the raw reads. Workflow of process is presented in Supplemental Fig. 1 . Run quality was assessed using FastQC version 0.10.1. Forward and reverse sequences were merged with a minimum overlap of excluded from further analysis. Merged sequences with quality scores less than a mean of 25 cumulative sum of the area of all subcatchments into which all surface waters (excluding the 4 0 1 lake) drain above the sampling point (Fig. 2) . Topological distance between sampling sites was was log 10 transformed and regressed against the log 10 of the river area to test for the taxon area 4 0 6
relationship. We were interested in whether or not the two sampling methods differ in the relationship), and that the rate of increase in number of taxa for a given area was faster for eDNA 4 0 9
compared with the kicknet (slope of the regression lines) as predicted from our conceptual model. Slopes and y-intercepts of the two regressions for the taxon area relationship were tested using an 4 1 1 analysis of covariance (ANCOVA). To test for a spatial autocorrelation in community dissimilarity (β-diversity, using the Jaccard permutations. Here we exclude the tributaries as it is not possible for eDNA to flow into these 4 1 5
locations (e.g., cd into a). The Jaccard measure of β -diversity was used as it has been shown to 4 1 6 estimate community dissimilarity for incidence data with less biases because of nestedness which 4 1 7
is expected for the eDNA estimate of β -diversity due to transport 53 . All statistical analyses were 2 conducted the bioinformatics analysis, E.F., F.A. and K.D. developed conceptual model, and all 4 2 3 authors contributed to analysis and writing of the manuscript.
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